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ABSTRACT 

The r edes igna t ion  p l u s  manual maneuvering delta-V 
requirement  has  been c a l c u l a t e d  f o r  a 99% p r o b a b i l i t y  of 
l and ing  s a f e l y  i n s i d e  of a . g i v e n  c i rcu lar  target  area a t n i n e  
cand ida te  l u n a r  landing  s i tes .  This  delta-V requirement  was 
then  used t o  make estimates of t h e  s i t e  dependent LM payload 
c a p a b i l i t y .  The delta-V requirement  w a s  found t o  be s t r o n g l y  
dependent on t h e  guidance and n a v i g a t i o n  accuracy. For 30 

5 , 0 0 0  f t . ,  a l l  of t h e  candida te  si tes have a v a i l a b l e  a LM 
payload c a p a b i l i t y  of  a t  l e a s t  800 l b .  For 3a e l l i p s e s  w i t h  
semi-axes up t o  7 ,500  f t . ,  a minimum of about  400 l b s .  of LM 
payload c a p a b i l i t y  i s  a v a i l a b l e  a t  a l l  sites excep t  Censorinus 
on an  H miss ion  and R i m a  Bode and Tycho on a J miss ion .  The 
LM payload c a p a b i l i t y  w a s  c a l c u l a t e d  us ing  t h e  Apollo 11 re- 
d e s i g n a t i o n  p l u s  descen t  from 500 f t .  d e l t a - V  budget and t h e  
H and J m i s s i o n  payload c a p a b i l i t i e s  as p resen ted  by MSC a t  
the  October 30 ,  1969  Apollo S i t e  S e l e c t i o n  Board meeting as 
a b a s e l i n e .  
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During t h e  e a r l y  p o r t i o n  of t h e  v i s i b i l i t y  phase 
of l u n a r  module (LM) descent ,  d e l t a - V  i s  used t o  r e f i n e  tar-  
g e t i n g  by means of r edes igna t ions  us ing  t h e  landing  p o i n t  
d e s i g n a t o r  (LPD).’  A t  a l t i t u d e s  below 500 f t .  i n  t h e  LM 
d e s c e n t ,  hazardous landing  a r e a s  w i t h i n  t h e  t a r g e t  c i rc le  
are avoided us ing  manual maneuvering. A s  t h e  r a d i u s  of t h e  
t a rge t  area i n c r e a s e s ,  t h e  r edes igna t ion  delta-V requirement  
dec reases  whi le  t h e  manual maneuvering requirement  i n c r e a s e s .  
T h e  sum of r edes igna t ion  p l u s  manual maneuvering d e l t a - V  
becomes a minimum fo r  some p a r t i c u l a r  target  area. The s i z e  
and l o c a t i o n  of t h e  t a r g e t  may be a d j u s t e d  t o  achieve  t h i s  
minimum as long as t h e  d e s i r e d  s c i e n c e  r e t u r n  can be r e a l i z e d  
from any p o i n t  w i t h i n  t h e  t a r g e t  area. The LM payload esti-  
m a t e s  w e r e  based on t h e  delta-V r e q u i r e d  t o  land  i n  t h e  optimum 
c i r c u l a r  target area a t  each s i t e .  
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MEMORANDUM FOR FILE 

INTRODUCTION 

E s t i m a t e s  of t h e  s i t e  s p e c i f i c  l u n a r  module (LM) 
s c i e n c e  payload c a p a b i l i t y  a r e  a necessary  i n p u t  t o  t h e  s i te  
s e l e c t i o n  and mission planning p rocess  f o r  t h e  H and J series 
of l u n a r  landing  miss ions .  The s i t e  dependency of t h i s  pay- 
load  i s  due i n  p a r t  t o  t h e  v a r i a t i o n  i n  t h e  LM d e s c e n t  pro- 
p e l l a n t  r equ i r ed  t o  land  s a f e l y  i n  t h e  d i f f e r e n t  types  of 
l u n a r  t e r r a i n  a t  each s i te .  The rougher t h e  t e r r a i n ,  t h e  
g r e a t e r  t h e  p r o p e l l a n t  r equ i r ed  fo r  r e d e s i g n a t i o n  and manual 
maneuvering dur ing  t h e  v i s i b i l i t y  phase of t h e  descen t  i n  
o r d e r  t o  land  s a f e l y  w i t h i n  a ta rge t  area from which t h e  
d e s i r e d  s c i e n c e  r e t u r n  may be achieved.  And t h e  more d e s c e n t  
p r o p e l l a n t  r equ i r ed ,  t h e  less LM payload i s  a v a i l a b l e  fo r  
s c i e n c e .  Thus, t h e  s i t e  dependent r e d e s i g n a t i o n  and manual 
maneuvering d e l t a - V  requirements  w i l l  h e l p  determine what 
s c i e n c e  payload can be landed a t  a s i te .  

LM DESCENT LANDING PROCEDURE 

For each s i te  an accep tab le  c i r c u l a r  area must be 
determined t o  which t h e  LM should be t a r g e t e d .  The s i z e  and 
l o c a t i o n  of t h i s  t a r g e t  c i r c l e  i s  determined by t h e  s c i e n c e  
r e t u r n  which can be achieved from a landing  w i t h i n  t h e  circle 
and by t h e  amount of acceptab ly  smooth landing  area w i t h i n  
t h e  circle.  The r edes igna t ion  and manual maneuvering delta-V 
i s  used t o  make a s u c c e s s f u l  landing  i n s i d e  of t h i s  c i rc le .  

T h e  c h a r a c t e r i s t i c s  of the  LM descen t  p r o f i l e  shown i n  F igure  1, 
t h e  landing  p o i n t  des igna to r  ( L P D ) ,  and t h e  LM manual maneuvering 
c a p a b i l i t y  cause t h e  procedure f o r  landing  s i t e  s e l e c t i o n  
du r ing  t h e  v i s i b i l i t y  phase t o  f a l l  l o g i c a l l y  i n t o  three p a r t s .  
F i r s t ,  between a l t i t u d e s  o f  5 ,000  f t .  and 500 f t . ,  t h e  LPD 
i s  used t o  make gross landing p o i n t  r e d e s i g n a t i o n s  i n  order t o  
correct f o r  guidance and nav iga t ion  errors and t o  i n s u r e  a 
l and ing  somewhere w i t h i n  t h e  ta rge t  circle.  
t i o n s  e s s e n t i a l l y  r e p r e s e n t  a t a r g e t i n g  maneuver. Second, 
between 500 f t .  and 100 f t . ,  t h e  LM i s  maneuvered manually 

These redesigna-  
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t o  an  acceptab ly  smooth landing s i t e  wi th in  t h e  ta rge t  c i rc le .  
This  maneuver i s  e s s e n t i a l l y  one of  hazard avoidance. 
t h e  ve r t i ca l  descen t  from 1 0 0  f t .  t o  t h e  s e l e c t e d  smooth landing  
p o i n t  should r e q u i r e  a f i x e d  amount of delta-V. 

Thi rd ,  

This a n a l y s i s  of LM landing  procedures  i s  based on 
t h e  assumption t h a t  t h e  landing area l o c a t i o n  can be d e t e r -  
mined v i s u a l l y  through t h e  LM window a t  a l t i t u d e s  up t o  5 , 0 0 0  f t . ,  
and t h a t  hazardous landing a reas  can be recognized between a l t i -  
tudes  of 1 0 0  f t .  and 500 f t .  Proof t h a t  such an assumption 
i s  v a l i d  w i l l  depend on t h e  r e s u l t s  of f u t u r e  luna r  landing  
mis s ions .  I ts  v a l i d i t y  a l s o  depends somewhat on t h e  charac- 
t e r i s t ics  of  t h e  l u n a r  s u r f a c e  around a g iven  s i t e  and on t h e  
presence  of good landmarks. 

IMPROVED TARGETING USING THE LPD 

Given t h e  LM automatic  landing  error e l l i p s e  and 
descen t  t r a j e c t o r y ,  t h e  p r o b a b i l i t y  of landing  i n  a c i rc le  
of  r a d i u s  A us ing  landing  p o i n t  r e d e s i g n a t i o n  can be determined 

The pre-mission i n i t i a l  a i m  p o i n t  should be b i a sed  p rope r ly  
so as t o  maximize t h e  p r o b a b i l i t y  of landing  i n  t h e  t a r g e t  
c i rc le  i n  any g iven  case. I t  w a s  shown i n  Reference 3 t h a t ,  
a l though LPD e r r o r s  t e n d  t o  reduce t h i s  p r o b a b i l i t y ,  t h e  e f f e c t s  
of such errors can be n e a r l y  e l imina ted  by us ing  a s t r a t e g y  
which invo lves  m u l t i p l e  r edes igna t ions .  Such a s t r a t e g y  w i l l  
y i e l d  a p r o b a b i l i t y  of success  on ly  s l i g h t l y  less than  t h a t  
which would r e s u l t  f r o m  an  e r r o r l e s s  r edes igna t ion  f o r  any 
g iven  d e l t a - V  budget.  I t  w a s  a l so  shown t h a t  t h e  p r o b a b i l i t y  
of success  i s  maximized by r edes igna t ing  a t  t h e  g r e a t e s t  pos- 
sible a l t i t u d e ,  i n  t h i s  case  5 , 0 0 0  f t .  Thus, t h e  a c t u a l  re- 
d e s i g n a t i o n  delta-V requ i r ed  t o  land  i n  a g iven  c i rc le  i s  
approximated c l o s e l y  by t h a t  r equ i r ed  i f  it i s  assumed t h a t  
a s i n g l e ,  e x a c t  r edes igna t ion  i s  made a t  5 , 0 0 0  f t .  Although 
r e d e s i g n a t i o n s  t o  t h e  l e f t  and downrange of t h e  des igna ted  
l and ing  s i t e  a r e  p r e f e r r e d  because of l a n d i n s  s i t e  v i s i b i l i t y  
l i m i t a t i o n s ,  Reference 2 demonstratea t h e  s i g n i f i c a n t  delta-V 
sav ings  which can be r e a l i z e d  by al lowing uprange and r i g h t  
r e d e s i g n a t i o n s  t o  be made wi thout  v i o l a t i n g  t h e  landing  s i t e  
v i s i b i l i t y  l i m i t a t i o n .  Therefore ,  i n  t h i s  a n a l y s i s ,  t h e  
r e d e s i g n a t i o n  d e l t a - V  requi red  t o  l a n d  w i t h i n  a c i rc le  of 
r a d i u s  A wi th  a g iven  p r o b a b i l i t y  of success  w a s  c a l c u l a t e d  
assuming a s i n g l e ,  e x a c t  r edes igna t ion  a t  5 , 0 0 0  f t .  a l t i t u d e  
a l lowing  l e f t ,  downrange, 10' r i g h t ,  and 4 , 0 0 0  f t .  uprange 
r e d e s i g n a t i o n  c a p a b i l i t y .  The r e s u l t i n g  delta-V costs  are 
p l o t t e d  i n  F igure  2 assuming t h e  Apollo 1 2  descen t  t r a j e c t o r y ,  
l a  au tomat ic  landing  error c i rc les  of r a d i u s  1 6 4 0  f t .  ( 1 / 2  
k i lome te r )  and 2500 f t . ,  and a 99% p r o b a b i l i t y  of landing  
i n  t h e  t a r g e t  c i rc le .  

f o r  v a r i o u s  r edes igna t ion  s t r a t e g i e s  and d e l t a - V  budgets .  1 , 2  
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HAZARD AVOIDANCE U S I N G  MANUAL MANEUVERING 

As t h e  LM p a s s e s  below 500 f t .  a l t i t u d e ,  it i s  
assumed t h a t  t h e r e  i s  a 99% chance t h a t  t h e  even tua l  landing  
p o i n t  w i l l  be somewhere i n  t h e  t a r g e t  c i rc le  of  r a d i u s  A wi thou t  
f u r t h e r  maneuvering. This  99% p r o b a b i l i t y  has  been a s su red  
e i t h e r  by i n i t i a l  t a r g e t i n g  and s m a l l  guidance and nav iga t ion  
d i s p e r s i o n s  o r  by r edes igna t ing  i n t o  t h e  c i rc le .  Now t o  i n s u r e  
a s a f e  landing  w i t h i n  t h e  t a r g e t ,  enough delta-V must be a v a i l -  
a b l e  t o  avoid t h e  l a r g e s t  unacceptable  landing  area w i t h i n  t h e  
c i r c l e  us ing  manual maneuvering. For any s i te ,  t h e  dimension 
of t h e  largest  re ject  area t o  be avoided is  determined by t h e  
t e r r a i n  characterist ics a t  the  s i t e  and t h e  r a d i u s  and l o c a t i o n  
of t h e  t a r g e t  circle.  The Mapping Sc iences  Laboratory a t  MSC 
has examined the  h igh  r e s o l u t i o n  photography of n ine  cand ida te  
l and ing  si tes and has i n d i c a t e d  t h e  reject  areas w i t h i n  a 1 km 
r a d i u s  c i rc le  a t  each s i te .4  
t h a t  a landing  anywhere w i t h i n  t h e  c i rc le  w i l l  al low f o r  adequate 
s c i e n c e  r e t u r n .  Thus, the  t a r g e t  c i rc le  of r a d i u s  A should be 
l o c a t e d  such t h a t  it enc loses  a s  much accep tab le  landing  a r e a  
i n s i d e  of t h e  1 km s c i e n c e  c i r c l e  as p o s s i b l e .  A r e a  o u t s i d e  
of t h e  s c i e n c e  c i rc le  i s  considered t o  be re ject  a rea .  

These c i rc les  are l o c a t e d  such 

The t i m e  r e q u i r e d  t o  f l y  a d i s t a n c e  D over  a re ject  
a r e a  i s  given by 

D t = y j  

where V i s  t h e  average h o r i z o n t a l  v e l o c i t y  of the LM dur ing  t h e  
over  f l y  maneuver. 
maneuver i s  5.3 ft/sec/sec. Thus, 

The delta-V r e q u i r e d  by t h e  LM dur ing  t h i s  

= 5 . 3 ( t ) f t / s e c  
D = 5.3 (v) f t/sec 

Avmanual 

T h e  h o r i z o n t a l  forward v e l o c i t y  of the  LM a t  500 f t .  a l t i t u d e  
i s  about  80 ft/sec. 
z o n t a l  v e l o c i t y  dur ing  a hazard avoidance maneuver i s  about  
50 t o  60  ft/sec. By l e t t i n g  V = 53 ft /sec w e  have t h e  s imple 
r e l a t i o n s h i p  t h a t  

A reasonable  estimate of t h e  average h o r i -  

= (m) D f t / sec  
''manual 

A p l o t  of t h e  manual maneuvering c a p a b i l i t y  f o o t p r i n t  f o r  
A p o l l o  12 ,g iven  i n  F igu re  3 ,  s h o w s  t h e  f o o t p r i n t  t o  be approximately a 
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semi-circle downrange of t h e  des igna ted  landing  s i t e .  Such 
a f o o t p r i n t  i n d i c a t e s  a f a i r l y  c o n s t a n t  average h o r i z o n t a l  
v e l o c i t y  f o r  a maneuver i n  any d i r e c t i o n  excep t  uprange. S ince  
maneuvers t o  a p o i n t  uprange of t h e  des igna ted  landing  p o i n t  
are very  l i m i t e d  i n  range and have an average v e l o c i t y  much 
less than  53 f t / s e c ,  such maneuvers should be avoided, and t h e  
t a r g e t  c i rc le  should be loca ted  so t h a t  i t  does n o t  enc lose  any 
p o i n t s  downrange of t h e  f u r t h e s t  downrange accep tab le  landing  
a r e a  i n s i d e  of t h e  1 km circle.  Thus, f o r  a landing  a t  Tycho, 
t h e  t a r g e t  c i r c l e  should enc lose  only areas uprange of t h e  
boundary shown i n  F igure  4 .  

I n  o r d e r  t o  f i n d  t h e  manual maneuvering d e l t a - V  re- 
q u i r e d  t o  land  s a f e l y  i n s i d e  of t h e  t a r g e t  c i rc le  of r a d i u s  
a a t  any p a r t i c u l a r  s i t e ,  the  t a r g e t  c i r c l e  should be l o c a t e d  
so  t h a t  t h e  l o n g e s t  d i s t a n c e  D from a p o i n t  i n  a re ject  area 
w i t h i n  t h e  t a r g e t  c i rc le  t o  an accep tab le  landing  p i n t  down- 
range and/or c ross range  of t h a t  re ject  p o i n t  i s  a minimum. The 
del ta-V a v a i l a b l e  must be s u f f i c i e n t  t o  f l y  over  t h e  l a r g e s t  
d i s t a n c e  D w i t h i n  t h e  t a r g e t  c i rc le ;  however, t h e  l o c a t i o n  of 
t h e  t a r g e t  c i r c l e  can be chosen t o  minimize t h i s  D.  Obviously 
as A increases t h e  D a s s o c i a t e d  wi th  t h a t  t a r g e t  r a d i u s  w i l l  
remain c o n s t a n t  o r  i n c r e a s e .  So f o r  l a r g e r  t a r g e t  a r e a s ,  l a r g e r  
manual maneuvering delta-V budgets a r e  r e q u i r e d  a t  any g iven  
s i t e .  

TRADEOFF BETWEEN REDESIGNATION AND MANUAL MANEUVERING DELTA-V 

The r e d e s i g n a t i o n  delta-V requirement  dec reases  f o r  
i n c r e a s i n g  A ,  as shown i n  Figure 2 ,  wh i l e  t h e  manual maneuvering 
del ta-V i n c r e a s e s  wi th  A .  The sum of r e d e s i g n a t i o n  p l u s  manual 
maneuvering delta-V may reach a m i n i m u m  va lue  f o r  some optimum 
A. Figures  5a,  b and c show t h e  r e d e s i g n a t i o n  and t h e  manual 
maneuvering delta-V and t h e i r  sum as a func t ion  of A f o r  each of 
t h e  n i n e  mapped s i tes  and f o r  l o  l and ing  e r r o r  c i r c l e s  of r a d i u s  
1 , 6 4 0  f t .  and 2,500 f t .  The manual maneuvering delta-V r e q u i r e -  
ments w e r e  determined g r a p h i c a l l y  by p rope r ly  l o c a t i n g  t a r g e t  
circles of d i f f e r e n t  s izes  o n  t h e  maps of t h e  landing  s i tes  
fo l lowing  t h e  method descr ibed  i n  t h e  prev ious  s e c t i o n .  The 
d i s t a n c e  D and t h e  r e l a t e d  delta-V w e r e  t h e n  determined f o r  
each t a r g e t  c i rc le .  The delta-V requirements  f o r  t h e  v a r i o u s  
t a r g e t  c i rc les  w e r e  then  p l o t t e d  and connected by s t r a i g h t  l i n e s  
in Figure  5. Notice t h a t  i n  s e v e r a l  cases the minimum of t h e  
r e d e s i g n a t i o n  p l u s  manual maneuvering delta-V curves  i s  r a t h e r  
f l a t  about  t h e  t r u e  m i n i m u m  po in t .  Thus, t h e r e  e x i s t s  a range 
Of A's about t h e  optimum A over which t h e  delta-V requirement  
i s  approximately a t  t h e  minimum va lue .  F igure  6 p r e s e n t s  a 
t a b l e  summarizing t h e  r edes igna t ion  p l u s  manual maneuvering 
del ta-V r e q u i r e d  over  t h e  range of A ' s  n e a r  t h e  optimum v a l u e  
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of A f o r  each s i te .  Note t h e  s t r o n g  dependence of t he  del ta-V 
requirement  on t h e  s i z e  of t h e  landing  error e l l i p s e .  F i g u r e s  
7a and b show t h e  proper  s i z e  and l o c a t i o n  of t h e  optimum ta r -  
g e t  c i rc le  as determined i n  F igures  5 and t h e  i n i t i a l  a i m  p o i n t  
f o r  t h e  case of (I = 1 , 6 4 0  f t .  The i n i t i a l  aim p o i n t  b i a s  was 
based on t h e  c a p a b i l i t y  of t h e  r e d e s i g n a t i o n  delta-V r e q u i r e d .  
The a i m  p o i n t  i s  l o c a t e d  approximately a d i s t a n c e  of 

1/2 [ (uprange c a p a b i l i t y )  - (downrange c a p a b i l i t y )  3 

downrange and 

1 / 2  [ ( l e f t  c a p a b i l i t y )  - ( r i g h t  c 6 p a b i l i t y )  ] 

r i g h t  of t h e  c e n t e r  of t h e  t a r g e t  c i rc le  as p resen ted  i n  
Reference 2 .  

LM PAYLOAD ESTIMATES 

An estimate of t h e  a v a i l a b l e  LM payload c a p a b i l i t y  
f o r  each s i te  can be ob ta ined  f r o m  a comparison of t h e  s i t e  
dependent r edes igna t ion  p l u s  manual maneuvering delta-V r e q u i r e -  
ments w i t h  the delta-V budget f o r  t h e  Apollo 11 mission.  For 
Apollo 11, 60 f p s  w e r e  budgeted f o r  r e d e s i g n a t i o n  and 2 minutes  
t i m e  o r  636 f p s  w e r e  al lowed f o r  t h e  descen t  f r o m  500  f t .  a l t i -  
tude  t o  touchdown. Assuming t h i s  r e d e s i g n a t i o n  p l u s  d e s c e n t  f r o m  
500  f t .  delta-V budget ,  the a v a i l a b l e  LM payload i s  about  8 0 0  l b s .  

f o r  an H miss ion  and 1,025 lb s .  f o r  a J miss ion .6  
mis s ions ,  t h e  delta-V budget for  d e s c e n t  f r o m  500 f t .  can be 
determined by a l lowing  80 sec. f o r  an au tomat ic  descen t ,  p l u s  
s i t e  dependent hazard  avoidance t i m e ,  p l u s  30 seconds of d i s c r e -  
t i o n a r y  t i m e  t o  a l l o w  for any con t ingenc ie s  and t o  enab le  t h e  
s a f e s t  p o s s i b l e  landing  t o  be made. The r e d e s i g n a t i o n  r e q u i r e -  
m e n t s  are a l so  s i te  dependent. So f o r  an H o r  J miss ion  s i t e ,  
t h e  r e d e s i g n a t i o n  p l u s  descen t  from 500 f t .  delta-V requirement  
c o n s i s t s  o f :  

For H and J 

r e d e s i g n a t i o n  delta-V 
+ manual maneuvering d e l t a - V  
+ (110 sec.) ( 5 . 3  f t / s e c 2 )  

A comparison of t h i s  d e l t a - V  requirement  w i t h  t h e  696  f p s  budgeted 
f o r  Apollo 11 w i l l  y i e l d  a A (AV) requirement  f o r  each s i t e .  
T h i s  h ( A V )  can be converted to  a change i n  LM payload above o r  
below t h e  b a s e l i n e  LM payload c a p a b i l i t y  f o r  t h e  g iven  type  of 
mis s ion  by us ing  t h e  conversion f a c t o r  of 3 . 2  l b s / f p s .  A 
t a b l e  l i s t i n g  the LM payload estimates for each s i t e  i s  g iven  
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in Figure 8 for landing error circles of u = 1,640 ft. and 
u = 2,500 ft. For u = 1,640 ft., a minimum of 800 lbs. of 
payload can be landed at all candidate sites while for 
u = 2,500 ft., a minimum of about 400 lbs. can be landed at 
all sites except Censorinus on an H mission and Rima Bode 
and Tycho on a J mission. The best estimate 3u error ellipse 
for Apollo 12 is 7,000 ft. x 4,500 ft. which is approximately 
equivalent to a lo circle of radius 2,000 ft. 
would allow LM payloads somewhere between the values for the 
two error circles listed in Figure 8 .  

Such an ellipse 

CONCLUSIONS 

The size and location of a circular landing target 
area for lunar exploration sites are acceptable if the desired 
science return can be achieved from any landing point within 
the target circle. During LM descent, landing point redesigna- 
tions are used to reduce guidance and navigation errors to the 
target circle, and manually controlled maneuvers are used below 
500 ft. to avoid any hazardous landing areas within the target 
circle. Within the constraint of being able to achieve an 
adequate science return, the size and location of the target 
area for each site should be adjusted so as to minimize the 
amount of redesignation plus manual maneuvering delta-V required 
to effect a safe landing within the target area with a given 
probability of success. The delta-V required is very dependent 
on the guidance and navigation accuracy. Using the Apollo 11 
redesignation plus descent from 500 ft. delta-V budget and the 
H and J mission LM payload capabilities as a baseline, it appears 
that for 3 0  landing ellipses with semi-axes up to about 5,000 ft. 
a minimum of 800 lbs. of LM payload can be landed in the target 
with a 99% probability of success at all nine sites for the 
presently proposed missions. For 3a ellipses with semi-axes 
up to 7,500 ft., a minimum of about 400 lbs. can be landed at 
all sites with the exception of Censorinus on an H mission and 
Rima Bode and Tycho on a J mission. 

2013-KPK-srb K. P. Klaasen 
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References 
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REQUIREMENTS FOR CENSORINUS, APOLLO 2, AND LITTROW 
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